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FOREWORD 

The major c o n t r i b u t o r s  t o  t h i s  deve lopment  

program are Mr. R .  Engdah l ,  P r o j e c t  Manager,  

Mr. Anthony Cassano  and M r .  David Mends. 
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ABSTRACT 

C o n t i n u i n g  development of a p r e s s u r e  t r a n s d u c e r  

s y s t e m  f o r  l i q u i d  meta l  a p p l i c a t i o n s  is descr ibed.  

Dur ing  t h e  report  p e r i o d ,  emphasis was on t h e  

e x p e r i m e n t a l  program and t h e  f o l l o w i n g  r e s u l t s  are 

p r e s e n t e d :  (1) p r e s s u r e - d e f l e c t i o n - t e m p e r a t u r e  

charac te r i s t ics  of p r e s s u r e  c a p s u l e s  of FS-85 and 

W-25Re a l l o y s ,  (2)  c u r r e n t - s p a c i n g  c h a r a c t e r i s t i c s  

of t h e  l a t e s t  t h e r m i o n i c  d iode  s e n s o r ,  (3) Q - m e t e r  

d a t a  on t h e  v a r i a b l e  impedance s e n s o r ,  and ( 4 )  l i f e  

test d a t a  on a r e p r e s e n t a t i v e  e lec t r ica l  t e r m i n a l .  

Des ign  c o n f i g u r a t i o n s  are p r e s e n t e d  f o r  p o t a s s i u m  

c o m p a t i b i l i t y  t e s t i n g  of t h e  p r e s s u r e  c a p s u l e s  and 

t h e  e lectr ical  t e r m i n a l .  

i 



S e c t  ion 

1 .0  

2.0 

3.0 

3.1 

4 . 0  

4 . 1  

4 . 1 . 1  

4 . 2  

4 . 2 . 1  

5.0 

6 . 0  

6 . 1  

6 . 2  

TABLE OF CONTENTS 

T i t l e  

A b s t r a c t  

T a b l e  of  C o n t e n t s  

L i s t  of I l l u s t r a t i o n s  

I n t r o d u c t i o n  

Summary 

P r e s s u r e  Capsule  

T e s t  R e s u l t s  

Def l e c t i o n - E l e c t r i c a l  S i g n a l  

Thermionic  Diode Sensor  

T e s t  R e s u l t s  

V a r i a b l e  Impedance Senso r  

T e s  t Res u 1 t s 

Elec t r ica l  Termina l  

Vacuum T e s t  F a c i l i t y  

L i q u i d  Po ta s s ium C o m p a t i b i l i t y  

Diaphragm D e f l e c t i o n  Measurement 

R e f e r e n c e s  

Appendix A - Nomenclature  

Page 
No. 

1 

ii 

iii 

1 

3 

5 

7 

11 

13 

1 6  

19  

20 

23 

25 

26 

29 

58 

59 

.. 

ii  



LIST OF ILLUSTRATIONS 

Number 

1. 

2 .  

3. 

4 .  

5. 

6 .  

7 .  

8. 

9 .  

1 0 .  

11. 

1 2 .  

13. 

1 4 .  

15. 

1 6 a .  
1 6 b .  

T i t l e  

FS-85 P r e s s u r e  D e f l e c t i o n ;  Room 
Temperature 

FS-85 Pressure D e f l e c t i o n ;  500°F 

1 1  1000°F 11 11 

1400°F 

1800°F 

1 1  1 1  1 1  

1 1  11 1 1  

W-25Re P r e s s u r e  D e f l e c t i o n ;  Room 
Temper a t  u r e  

W-25Re P r e s s u r e  D e f l e c t i o n ;  500°F 

11 11 1 1  1000°F 

1 1  1 1  1 1  1200°F 

11 1 1  1 1  1400'F 

1 1  1 1  1 1  1600°F 

1 1  1 1  11 1800°F 

F u l l  S c a l e  Def l ec t  ion-Temperature 
C h a r a c t e r i s t i c s  

Dual E m i t t e r  T e s t  D e v i c e  

Dual E m i t t e r  T e s t  Device;  Vacuum 
Chamber I n s  t a1 l a t  i o n  

Thermionic T e s t  C i r c u i t r y  
1 1  1 1  11 

Page 
No. 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41  

42 

43  

44 

45  

46 

47 
47 

iii 



LIST OF ILLUSTRATIONS ( C o n t ' d )  
Page 
No. T i t l e  

C u r r e n t - D i s t a n c e  C h a r a c t e r i s t i c s ;  
The rmion ic  Senso r  a t  1800°F 

Number 

1 7 .  
4 8  

18. I n d u c t a n c e - D i s t a n c e  C h a r a c t e r i s t i c s ;  
Copper Diaphragm 49 

19. I n d u c t a n c e - D i s t a n c e  C h a r a c t e r i s t i c s ;  
C u p r o n i c k e l  Diaphragm 50 

2 0 .  I n d u c t  ance -Dis t  a n c e  C h a r a c t e r  is t ics  ; 
FS-85, Monel and K-Monel Diaphragms 51 

2 1 .  E lec t r ica l  Te rmina l  L i f e  T e s t  
C o n f i g u r a t i o n  52 

53 2 2 .  

2 3 .  

I o n  Pump I n s t a l l a t i o n  

C o m p a t i b i l i t y  T e s t  Des ign  for Columbium 
and Tanta lum C a p s u l e s  54 

2 4 .  C o m p a t i b i l i t y  T e s t  Des ign  for W-25Re 
Capsu le  55 

C o m p a t i b i l i t y  T e s t  Des ign  f o r  E l e c t r i c a l  
T e r m i n a l s  

25. 
56 

57 T y p i c a l  M e t a l l o g r a p h i c  P l a t e  2 6 .  

c 

i v  



1 . 0  I n  tr oduc t i o n  

T h e  o b j e c t i v e  of C o n t r a c t  NAS 3-4170 is t o  

d e v e l o p  p r e s s u r e  t r a n s d u c e r  equipment  c o m p a t i b l e  

w i t h  advanced c l o s e d  c y c l e  power s y s t e m s .  The 

s y s t e m s  u t i l i z e  l i q u i d  metals s u c h  as mercu ry ,  

sodium, p o t a s s i u m  and o t h e r  a l k a l i  m e t a l s  as work- 

i n g  and h e a t  t r a n s f e r  media a t  e l e v a t e d  t e m p e r a t u r e s .  

R e s s u r e  measurements  i n  t h e  h i g h  t e m p e r a t u r e  l i q u i d ,  

v a p o r ,  and t w o  p h a s e  s t r e a m s  w i l l  be  r e q u i r e d  f o r  

r e s e a r c h ,  d e s i g n  and c o n t r o l  p u r p o s e s  f o r  S N A P - 8  

and o t h e r  l i q u i d  meta l  s p a c e  power s y s t e m s .  S i n c e  

s m a l l  p r e s s u r e  changes  might  i n d i c a t e  t h e  o n s e t  of 

i n s t a b i l i t y ,  i n s t r u m e n t s  a r e  r e q u i r e d  t h a t  can  f o l -  

low and r e c o r d  minu te  c h a n g e s .  I n  a d d i t i o n ,  s p a c e  

f l i g h t  r e q u i r e s  l i g h t - w e i g h t  s y s t e m s  c a p a b l e  of 

e n d u r i n g  l o n g  p e r i o d s  of u n a t t e n d e d  o p e r a t i o n .  

L i q u i d  metal p r e s s u r e  measurements  a t  e l e v a t e d  

t e m p e r a t u r e s  pose  many problems which c h a l l e n g e  

t h e  d e s i g n e r  and demand t h e  b e s t  f rom a v a i l a b l e  

mater ia ls .  To e s t a b l i s h  a f i r m  d e s i g n  base for 
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t h e  t r a n s d u c e r  equ ipmen t ,  four mate r i a l s  and two 

t r a n s d u c e r  s y s t e m s  have  b e e n  chosen  for e v a l u a t i o n .  

The selected mater ia l  and t r a n s d u c t i o n  s y s t e m  w i l l  

b e  deve loped  f o r  u s e  a s  e i t h e r  ground or f l i g h t  

hardware. 

-2- 



2 . 0  Summary 

P r o g r e s s  i n  the d e s i g n ,  f a b r i c a t i o n  and t e s t i n g  

of t h e  FS-85, C129Y and W-25 R e  p r e s s u r e  c a p s u l e s  

is p r e s e n t e d .  Capsules  have  been  s u c c e s s f u l l y  f abr i -  

cated f rom FS-85, C-129Y and W-25Re ( r i n g  and d i s c  

d e s i g n ) .  Spark  d i s c h a r g e  machin ing  is p r e s e n t l y  

b e i n g  done t o  p r e p a r e  discs of W-25Re. Complete 

p r e s s u r e - d e f l e c t i o n - t e m p e r a t u r e  t e s t s  have  been 

per formed on t h e  FS-85 (0.004 i n c h  maximum deflec- 

t i o n )  and t h e  W-25Re (0.002 i n c h  maximum d e f l e c t i o n )  

c a p s u l e s .  R e s u l t s  of these tests are p r e s e n t e d .  

T e s t s  on t h e  W-25Re (0.004 i n c h  maximum d e f l e c t i o n  

and t h e  C-129Y (0.002 i n c h  maximum d e f l e c t i o n )  cap- 

s u l e s  are i n  t h e i r  f i n a l  s t a g e s .  

An improved e x p e r i m e n t a l  t h e r m i o n i c  d i o d e  s e n s o r  

has  been  d e s i g n e d  and b u i l t ,  and p r e l i m i n a r y  c u r r e n t -  

d i s t a n c e  characteristics have  been  o b t a i n e d .  

Q - m e t e r  t es t s  on t h e  p a n c a k e - c o i l  v a r i a b l e -  

impedance s e n s o r  have been  c o n c l u d e d .  R e s u l t s  i n d i c a t e  

t h a t  t h e  p o s t u l a t e d  s k i n  d e p t h - r e s i s t i v i t y  r e l a t i o n  

- 3- 



is min ima l .  I n f o r m a t i o n  on s e n s i t i v i t y  t o  d i aphragm 

mot ion  and d i aphragm d i a m e t e r  a l o n g  w i t h  r e s p o n s e  t o  

misa l ignmen t  and  zero d i s t a n c e  errors h a s  a l s o  been  

o b t a i n e d .  

A p r e s s u r e - t e m p e r a t u r e  l i f e  t e s t  w a s  c o n d u c t e d  on 

a r e p r e s e n t a t i v e  e lec t r ica l  t e r m i n a l .  The tes t  was 

conduc ted  a t  1800°F f o r  t h r e e  c o n s e c u t i v e  400 hour  

p e r i o d s  w i t h  p r e s s u r i z a t i o n  v a l u e s  of  300, 600 and 

1000 p s i a ,  r e s p e c t i v e l y .  N o  e l ec t r i ca l  or m e c h a n i c a l  

f a i l u r e  was n o t i c e d .  

To a c h i e v e  f u r t h e r  f l e x i b i l i t y  i n  t h e  Vacuum T e s t  

F a c i l i t y ,  two tes t  chambers  h a v e  b e e n  f i t t e d  w i t h  

i n d i v i d u a l  i o n  t y p e  vacuum pumps. These  chambers  now 

c a n  b e  o p e r a t e d  i n d e p e n d e n t  of  t h e  f a c i l i t y  i t s e l f .  

Des ign  c o n f i g u r a t i o n s  h a v e  b e e n  comple t ed  f o r  

p o t a s s i u m  c o m p a t i b i l i t y  t e s t i n g  of  t h e  p r e s s u r e  

c a p s u l e s  and  t h e  e l e c t r i c a l  t e r m i n a l .  

-4- 



3 .0  P r e s s u r e  C a p s u l e  

Two FS-85 p r e s s u r e  c a p s u l e s  have  been  s u c c e s s f u l l y  

f a b r i c a t e d .  One of t h e  c a p s u l e s  w a s  f i t t e d  w i t h  a 

mechan ica l  s y s t e m  t o  a m p l i f y  t h e  d iaphragm mot ion ;  

t h i s  s y s t e m  is d e s c r i b e d  i n  t h e  Second Q u a r t e r l y  

Report ( R e f e r e n c e  1).  Both c a p s u l e s  were i n s t a l l e d  

i n  t h e  Vacuum T e s t  F a c i l i t y .  I t  was d e c i d e d  t o  

e v a l u a t e  t h e  diaphragm d e f l e c t i o n  measurement t e c h -  

n i q u e  ( S e c t i o n  6 . 2 )  using t h e  FS-85 c a p s u l e  w i t h o u t  

t h e  m e c h a n i c a l  a m p l i f i c a t i o n  s y s t e m .  S i n c e  d a t a  

w e l l  w i t h i n  acceptable a c c u r a c y  l i m i t s  (+ - 20 micro- 

i n c h e s )  were obta ined  from t h e  un -ampl i f i ed  c a p s u l e ,  

no t es t s  were performed on t h e  a m p l i f i c a t i o n  s y s t e m .  

Two W-25 R e  p r e s s u r e  c a p s u l e s  ( r i n g / d i s c  d e s i g n )  

were f a b r i c a t e d .  Both c a p s u l e s  d e v e l o p e d  weld f a i l u r e s  

d u r i n g  f a b r i c a t i o n .  One c a p s u l e  f a i l e d  i n  t h e  Mo-50Re 

t r a n s i t i o n  t u b e  between t h e  c a p s u l e  and t h e  p r e s s u r i z a -  

t i o n  s y s t e m  and t h e  o t h e r  deve loped  a c r a c k  a d j a c e n t  t o  

t h e  p r o j e c t i o n  t i p  used f o r  d e f l e c t i o n  measurements .  The 

t i p  had been  e l ec t ron -beam welded i f i t o  t h e  bottom d i s c .  

Both c a p s u l e s  s t i l l  had one  good c o n v o l u t i o n  e a c h .  The 

. 
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c a p s u l e  c o n v o l u t i o n s  were s e p a r a t e d  by s p a r k  d i s -  

c h a r g e  mach in ing  and t h e  two good c o n v o l u t i o n s  

were used  t o  c o n s t r u c t  a n o t h e r  c a p s u l e .  T h i s  

c a p s u l e  was t h e n  i n s t a l l e d  i n  t h e  t e s t  f a c i l i t y  

i n  place of t h e  a m p l i f i e d  FS-85 c a p s u l e .  Work 

o n  a n o t h e r  W-25Re c a p s u l e  has been  s ta r ted  u s i n g  

s p a r k  d i s c h a r g e  machined d i s c s .  

A C-129Y capsule was s u c c e s s f u l l y  f a b r i c a t e d  

and i n s t a l l e d  i n  t h e  tes t  f a c i l i t y  f o l l o w i n g  com- 

p l e t i o n  of t h e  p r e s s u r e - d e f l e c t i o n  tests on t h e  

FS-85 capsu le .  

. 
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3.1 T e s t  R e s u l t s  

To o b t a i n  as  much d e f l e c t i o n  i n f o r m a t i o n  as  

p o s s i b l e ,  i t  was dec ided  t o  r u n  p r e s s u r e - d e f l e c t i o n  

c a p s u l e  tes ts  u s i n g  both  0 . 0 0 2  and 0 .004  i n c h  as 

maximum d e f l e c t i o n  p a r a m e t e r s .  The p r e s e n t  s t a t u s  

of t h e  c a p s u l e  e x p e r i m e n t a l  program may be  summarized 

as f o l l o w s .  

FS-85: 0 .002  i n c h  max. d e f l e c t i o n ;  t o  be  done 
0 . 0 0 4  i n c h  max. d e f l e c t i o n ;  comple ted  

W-25Re: 0 . 0 0 2  i n c h  max. d e f l e c t i o n ;  comple ted  
0 . 0 0 4  i n c h  max. d e f l e c t i o n ;  n e a r  c o m p l e t i o n  

C-129Y: 0 .002  i n c h  max. d e f l e c t i o n ;  n e a r  c o m p l e t i o n  
0 . 0 0 4  i n c h  max. d e f l e c t i o n ;  t o  be  done 

The test  p r o c e d u r e  b e i n g  used  i n c l u d e s  t h e  f o l l o w i n g  

s t e p s .  

1. Pe r fo rm p r e s s u r e - d e f l e c t i o n  c a l i b r a t i o n  r u n s  a t  

room t e m p e r a t u r e ,  500, 1000,  1200,  1400,  1600 

and 1800°F. 

2 .  M a i n t a i n  f u l l  scale d e f l e c t i o n  and 1800°F f o r  a 

6 hour  p e r i o d .  Measure t h e  d e f l e c t i o n .  Unload 

the diaphragm and m e a s u r e  t h e  z e r o  p r e s s u r e  

d e f l e c t i o n .  Repeat f o r  3 cyc le s .  

3. Per form p r e s s u r e - d e f l e c t i o n  c a l i b r a t i o n  r u n s  

a t  500, 1400 and 180O0F. 

- 7- 



4 .  Apply o v e r p r e s s u r e  t o  200 p e r c e n t  maximum d e f l e c t i o n  

(o r  u n t i l  t h e  d iaphragm is c l o s e  t o  t h e  mechan ica l  

s t o p )  a t  1800°F f o r  a 2 hour  p e r i o d .  Measure t h e  

d e f l e c t i o n  e v e r y  h o u r .  

5 .  Per fo rm p r e s s u r e - d e f l e c t i o n  c a l i b r a t i o n  r u n s  a t  

500, 1400 and 180O0F. 

6 .  M a i n t a i n  f u l l  sca le  d e f l e c t i o n  and  1800°F f o r  a 

6 h o u r  p e r i o d .  

I n f o r m a t i o n  f rom t h e  t e s t  program may b e  g rouped  

i n t o  t h r e e  main a reas  of i n t e r e s t ;  p r e s s u r e - d e f l e c t i o n  

c h a r a c t e r i s t i c s ,  f u l l - s c a l e  d e f l e c t i o n  c h a r a c t e r i s t i c s ,  

and z e r o - p r e s s u r e  d e f l e c t i o n  c h a r a c t e r i s t i c s .  The 

e f f e c t  of t e m p e r a t u r e  on t h e  r e p r o d u c i b i l i t y  of  

t h e s e  da ta  must b e  d e t e r m i n e d  a l o n g  w i t h  any  s h i f t s  

e x h i b i t e d  w i t h  t i m e  ( a g i n g  and  permanent  se t  e f f e c t s ) .  

Using t h i s  i n f o r m a t i o n ,  e f f o r t s  may b e  made t o  com- 

p e n s a t e  f o r  t h e  t e m p e r a t u r e  and  t i m e  e f f e c t s .  

F i g u r e s  1-5 p r e s e n t  t h e  p r e s s u r e - d e f l e c t i o n  

d a t a  o b t a i n e d  f rom t h e  i n i t i a l  c a l i b r a t i o n  r u n s  

on t h e  FS-85 c a p s u l e .  A t  room t e m p e r a t u r e ,  40 ps ia  

is r e q u i r e d  t o  o b t a i n  a d e f l e c t i o n  o f  0.002 i n c h ;  
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7 5  p s i a  is r e q u i r e d  t o  o b t a i n  a d e f l e c t i o n  of  0.004 

i n c h .  A t  h i g h e r  t e m p e r a t u r e s ,  t h e  p r e s s u r e s  r e q u i r e d  

t o  o b t a i n  t h e s e  d e f l e c t i o n s  are s t e a d i l y  r e d u c e d .  

The r e l a t i v e  s t r a i g h t n e s s  of  t h e  c u r v e s  and t h e  f a c t  

t h a t  zero c l o s u r e  ( r e p r o d u c i b i l i t y  of z e r o  p r e s s u r e  

d e f l e c t i o n  data between first and l a s t  r e a d i n g s  i n  

a p a r t i c u l a r  test r u n )  is o b t a i n e d  below 1800°F 

i n d i c a t e  t h a t  t h e  e las t ic  l i m i t  w a s  n o t  e x c e e d e d .  

The h y s t e r e s i s  effect e x h i b i t e d  by  t h e  1800'F c u r v e s  

a p p e a r s  t o  be  due  t o  t h e  maximum p r e s s u r e  used .  The 

1800°F r e c a l i b r a t i o n  r u n s ,  t a k e n  a f t e r  t h e  t h r e e -  

c y c l e  s u s t a i n e d - p r e s s u r e  test ,  were r u n  w i t h  a max- 

imum p r e s s u r e  of 50 p s i a .  These  c u r v e s  c l o s e l y  

f o l l o w e d  t h e  i n c r e a s i n g  p r e s s u r e  p o r t i o n  of t h e  

i n i t i a l  1800°F c a l i b r a t i o n  b u t  e x h i b i t e d  compara- 

t i v e l y  l i t t l e  h y s t e r e s i s  e f f e c t  and good z e r o  c l o s u r e .  

P r e s s u r e - d e f l e c t i o n  c h a r a c t e r i s t i c s  of t h e  W-25Re 

c a p s u l e  are shown i n  F i g u r e s  6-12. As w i t h  t h e  FS-85 

c a p s u l e ,  the d e f l e c t i o n  o b t a i n e d  f o r  maximum test  

p r e s s u r e  i n c r e a s e s  with t e m p e r a t u r e ,  as d o e s  t h e  

h y s t e r e s i s  e f f ec t .  However, zero c l o s u r e  is o b t a i n e d  

a t  a l l  t e m p e r a t u r e s .  For e q u i v a l e n t  p r e s s u r e s ,  t h e  

W-25 R e  c a p s u l e  e x h i b i t s  a b o u t  one-ha l f  t h e  d e f l e c t i o n  

of  t h e  FS-85 u n i t .  



The 500°F p r e s s u r e - d e f  lect  i o n  c h a r a c t e r i s t i c  (F ig-  

u r e  7)  was e s t a b l i s h e d  b y  d i s r e g a r d i n g  two d a t a  p o i n t s  

(30 and 45 p s i a )  which were a p p a r e n t l y  i n  e r r o r .  There  

was no e v i d e n t  r e a s o n  f o r  t h e s e  p o i n t s  t o  d e v i a t e  f rom 

t h e  c h a r a c t e r i s t i c .  I t  d o e s  n o t  appear t h a t  t h e  e r r o r s  

s i g n i f y  a f a u l t  i n  t h e  c a p s u l e  s i n c e  d e f l e c t i o n  d a t a  

t a k e n  after t h e  q u e s t i o n a b l e  p o i n t s  y i e l d  r e a s o n a b l e  

and e x p e c t e d  r e s u l t s .  

The W-25Re maximum d e f l e c t i o n  r e a d i n g s  (60 p s i a ,  

1800'F) were found t o  v a r y  between 0 .00185 and 0 .00223 

i n c h  t h r o u g h  t h e  t e s t .  However, a f t e r  t h e  i n i t i a l  cal- 

i b r a t i o n  r e a d i n g  (0 ,00223  i n c h ) ,  t h e  s p r e a d  was from 

0.00185 t o  0 .00202 i n c h .  T h i s  s u g g e s t s  a p o s s i b l e  pe r -  

manent set effect  i n t r o d u c e d  by t h e  i n i t i a l  c a l i b r a t i o n  

r u n s .  

F i g u r e  13 p r e s e n t s  d a t a  on t h e  f u l l  scale d e f l e c -  

t i o n s  o b t a i n e d  on  t h e  FS-85 ( a t  87 p s i a )  and t h e  W-25Re 

(at  60 p s i a )  c a p s u l e s  as f u n c t i o n s  o f  t h e  o p e r a t i n g  t e m -  

p e r a t u r e .  

i n c h  r a d i u s .  

Both c a p s u l e s  employed d iaphragms of 0 . 5 2  

The zero p r e s s u r e  d e f l e c t i o n s  on t h e  W-25Re 

capsule remained  f a i r l y  c o n s t a n t  t h r o u g h o u t  t h e  

i n i t i a l  c a l i b r a t i o n  r u n s .  However, d u r i n g  t h e  

t h r e e - c y c l e  s u s t a i n e d - p r e s s u r e  tes t ,  t h e  c a p s u l e  

L 
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a p p e a r e d  t o  t a k e  a set  of  a b o u t  0.0015 i n c h .  The 

z e r o  p r e s s u r e  d e f l e c t i o n  t h e n  r ema ined  f a i r l y  con- 

s t a n t ,  a t  t h i s  new l e v e l ,  u n t i l  t h e  end  of  the 

t e s t .  

4 . 0  Def l e c t i o n - E l e c t r  i c a l  S i g n a l  

Dur ing  t h e  r e p o r t  p e r i o d ,  emphas i s  was on 

e x p e r i m e n t a l  e v a l u a t i o n  of t h e  t h e r m i o n i c  d i o d e  

and v a r i a b l e  impedance s e n s o r s .  An improved 

t h e r m i o n i c  d e v i c e  was d e s i g n e d  and b u i l t ,  and 

p r e l i m i n a r y  c u r r e n t - d i s t a n c e  charac te r i s t ics  

were o b t a i n e d  which  v e r i f y  f e a s i b i l i t y  of t h e  

t h e r m i o n i c  a p p r o a c h .  Q - m e t e r  t e s t i n g  was con- 

c l u d e d  on t h e  p a n c a k e - c o i l  v a r i a b l e - i m p e d a n c e  

s e n s o r .  

The c r i t e r i a  used  f o r  e v a l u a t i o n  of t h e  

t r a n s d u c t i o n  s y s t e m  i n v o l v e  s i g n a l  l e v e l  and 

d e f l e c t i o n  r a n g e .  The d e f l e c t i o n  s h o u l d  b e  

as s m a l l  as p o s s i b l e ,  c o n s i s t e n t  w i t h  u s a b l e  

o u t p u t ,  t o  min imize  t h e  stress l e v e l s  i n  t h e  

d i aphragm.  An o u t p u t  l e v e l  as h i g h  as 64 m i i l i -  

amperes f o r  a d e f l e c t i o n  of 0 .002  i n c h  has been  
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o b t a i n e d  from t h e  t h e r m i o n i c  d i o d e .  For t h e  var -  

i a b l e  impedance d e v i c e ,  t h e  maximum i n d u c t a n c e  

change o b s e r v e d  f o r  a diaphragm t r a v e l  of 0.002 

i n c h  was less t h a n  0 . 3  m i c r o h e n r y .  I t  is u n l i k e l y  

t h a t  t h e  impedance b r i d g e  o u t p u t  unde r  t hese  con- 

d i t i o n s  c o u l d  match t h e  o u t p u t  pe r fo rmance  of t h e  

t h e r m i o n i c  d iode .  I n  a d d i t i o n ,  t h e  v a r i a b l e  

impedance d e v i c e  is a h i g h  f r e q u e n c y  s y s t e m  w i t h  

t h e  a t t e n d a n t  t r a n s m i s s i o n  l i n e  c o n s i d e r a t i o n s  

as opposed t o  t h e  r e l a t i v e l y  s t r a i g h t  f o r w a r d  

low v o l t a g e  dc  t h e r m i o n i c  s y s t e m .  Although a 

r i g o r o u s  and e x h a u s t i v e  compar i son  h a s  n o t  been  

made, i t  appears t h a t  f u t u r e  work on t h e  t r a n s -  

d u c t i o n  s y s t e m  s h o u l d  be l i m i t e d  t o  t h e  t h e r m i o n i c  

s e n s o r .  
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4 . 1  The rmion ic  Diode Sensor 

The t h e r m i o n i c  d e v i c e  d e s c r i b e d  i n  t h e  Second 

Q u a r t e r l y  Report ( R e f e r e n c e  1) was assembled  and 

i n s t a l l e d  i n  t h e  Vacuum T e s t  F a c i l i t y .  A d o u b l e  

W-25Re h e a t e r  was used t o  improve  heater t e m p e r a t u r e -  

s t r e n g t h  c h a r a c t e r i s t i c s .  A d d i t i o n a l  anchor  p o i n t s  

and  ceramic i n s u l a t o r s  were i n c l u d e d  t o  improve mechan- 

i c a l  s t a b i l i t y  and p r e v e n t  any  e l ec t r i ca l  s h o r t i n g  prob-  

l e m s .  However, d u r i n g  t h e  emitter a c t i v a t i o n  p r o c e d u r e ,  

g a s - d i s c h a r g e  w a s  obse rved  be tween t h e  emi t te r  and t h e  

movable  c o l l e c t o r .  T h i s  a p p e a r e d  t o  b e  d u e  t o  accumu- 

l a t i o n  of o u t - g a s s i n g  p r o d u c t s  i n  t h e  i n t e r e l e c t r o d e  

s p a c e .  The i n c l u s i o n  of more e v a c u a t i o n  h o l e s  i n  t h e  

col lector  was i n d i c a t e d .  Upon d i s a s s e m b l y  of t h e  u n i t ,  

a d e p o s i t  of c o p p e r  was o b s e r v e d  on  t h e  movable co l l ec to r .  

I t  a p p e a r e d  t h a t  t h e  co l l ec to r  was r u n n i n g  r e l a t i v e l y  

c o o l  and a c t i n g  as  a c o n d e n s i n g  s u r f a c e  f o r  c o p p e r  

e v a p o r a t i n g  o u t  of t h e  b r a z i n g  mater ia l  used  t o  j o i n  

t h e  s u p p o r t  t u b e  t o  t h e  c o n i c a l  s h a p e d  a d a p t e r  of  t h e  

d e v i c e .  

I n  v iew of t h e s e  d i f f i c u l t i e s ,  a r e d e s i g n  w a s  

u n d e r t a k e n  i n c o r p o r a t i n g  t h e  f o l l o w i n g  c h a n g e s :  
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1. 

2 .  

3 .  

4 .  

5. 

6. 

The u s e  of b r a z i n g  ma te r i a l s  was e l i m i n a t e d .  

The d u a l  emitter a s sembly  was m o d i f i e d  t o  

accommodate a l a r g e r  h e a t e r .  A commercial, 

c e r a m i c - i n s u l a t e d ,  d o u b l e  s p i r a l  wound h e a t e r  

was u s e d .  

The emitter h o l d i n g  p l a t e  was webbed t o  mini -  

mize t h e r m a l  c o n d u c t i o n  losses t o  t h e  su r round-  

i n g  s u p p o r t  s t r u c t u r e .  

The co l lec tors  were webbed t o  a l low e f f e c t i v e  

e v a c u a t i o n  of t h e  i n t e r e l e c t r o d e  spaces.  

A ceramic c o u p l i n g  was used  close t o  t h e  

movable c o l l e c t o r  and c o n n e c t i n g  i t  t o  t h e  

push  r o d .  T h i s  min imizes  t h e r m a l  c o n d u c t i o n  

losses f rom t h e  co l l ec to r  and e f f e c t i v e l y  

raises i ts  o p e r a t i n g  t e m p e r a t u r e .  

An open t y p e  c o n s t r u c t i o n  was u s e d  t o  f a c i l i -  

t a t e  o p t i c a l  py romete r  r e a d i n g s  on t h e  emitters 

F i g u r e  14 p r e s e n t s  an  a s sembly  view of  t h e  d u a l  

d i o d e  and F i g u r e  15 shows t h e  d e v i c e  mounted and 

r e a d y  for i n s t a l l a t i o n  i n  t h e  Vacuum T e s t  F a c i l i t y .  

The r e f e r e n c e  co l l ec to r  is m e c h a n i c a l l y  f i x e d  0 .006 

4 

-14- 



. i n c h  f rom its emit ter .  The a c t i v e  c o l l e c t o r - e m i t t e r  

d i s t a n c e  is a d j u s t a b l e  be tween 0.004 and  0.006 i n c h  

by  means o f  t h e  micrometer  a s sembly  mounted on t h e  

vacuum chamber f l a n g e .  The mechanism is s u c h  t h a t  

for one  r e v o l u t i o n  of t h e  micrometer (250 g r a d a t i o n s ) ,  

t h e  a c t i v e  col lector  is d i s p l a c e d  0.002 i n c h .  
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4 . 1 . 1  Test R e s u l t s  

The t h e r m i o n i c  t e s t  d e v i c e  was i n s t a l l e d  i n  

t h e  Vacuum T e s t  F a c i l i t y  and t h e  ambient  tempera-  

t u r e  r a i s e d  t o  180O0F. A f t e r  i n i t i a l  o u t g a s s i n g ,  

t h e  h e a t e r  was e n e r g i z e d  and  emitter a c t i v a t i o n  

was a c c o m p l i s h e d .  Heater i n p u t  parameters r e s u l t -  

i n g  i n  2100°F emitter o p e r a t i o n  were 1 2 . 5  v o l t s ,  

1.15 amperes, 60 cps.  The c i r c u i t  of  F i g u r e  1 6 A  

was u s e d  t o  o b t a i n  t h e  c u r r e n t - d i s t a n c e  c h a r a c -  

t e r i s t i c s  of  F i g u r e  17 .  The tes t  p r o c e d u r e  

employed is as  f o l l o w s :  

1. The v o l t a g e  V is s e t  a t  some a r b i t r a r y  v a l u e .  

For t h e  tests, v a l u e s  f o r  V of 10,  1 2 ,  16 and 

20 v o l t s  were u s e d .  

2 .  The emitter - a c t i v e  col lector  d i s t a n c e  is 

a d j u s t e d  t h r o u g h  t h e  m i c r o m e t e r  u n t i l  t h e  

a c t i v e  c o l l e c t o r  c u r r e n t  ia m a t c h e s  t h e  

r e f e r e n c e  co l lec tor  c u r r e n t  i r '  

(ia + ir) is n o t e d .  

The sum 

3. The emitter - a c t i v e  col lector  d i s t a n c e  is 

t h e n  d e c r e a s e d  0.0002 i n c h  (25 mic romete r  

g r a d u a t i o n s ) .  T h i s  c a u s e s  a change  i n  l a ,  
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and i n  (ia + i r ) .  The  v o l t a g e  V is t h e n  

a d j u s t e d  s o  t h a t  t h e  sum ( i a  + i r )  is 

r e s t o r e d  t o  t h e  v a l u e  o b t a i n e d  i n  ( 2 )  above .  

Under t h i s  c o n d i t i o n ,  t h e  d i f f e r e n c e  c u r r e n t  

( i a  - i r )  is c a l c u l a t e d  and p l o t t e d  i n  Fig-  

u r e  1 7 .  

I t  s h o u l d  b e  noted  t h a t  t h e  m i l l i a m m e t e r s  

u sed  were a c c u r a t e  t o  + 1 m a  (+ 1 p e r c e n t  f u l l  

s c a l e ) .  S i n c e  t h e  c u r r e n t  d i f f e r e n c e  is  b e i n g  

c a l c u l a t e d ,  t h e r e  e x i s t s  a "zone of e r r o r "  of 

+ 2 m a  s u r r o u n d i n g  each  c u r v e  of F i g u r e  1 7 .  I t  

- - 

- 
c a n  b e  s e e n  t h a t  t h e  data p o i n t s  l i e  w i t h i n  t h e  

"zone of error" a s s o c i a t e d  w i t h  t h e i r  r e s p e c t i v e  

c u r v e s .  To i n c r e a s e  t h e  accuracy of f u t u r e  

measurements  and f u r t h e r  d e m o n s t r a t e  t h e  f e a s i -  

b i l i t y  of t h i s  approach ,  p r e c i s i o n  r e s i s t o r s  

(1 .000  ohm) and a h i g h l y  accurate d i g i t a l  v o l t -  

meter ( c a p a b l e  of r e a d i n g  t o  0 . 1  mv w i t h  an  

a c c u r a c y  of - + 0 . 5  p e r c e n t  w i l l  be used  t o  

o b t a i n  d i r e c t  r e a d i n g s  of ia, i,, ( i a  + ii.> and 

i a  - i r ) .  I t  is  expec ted  t h a t  t h i s  w i l l  minimize,  

-17- 



i f  n o t  e l i m i n a t e ,  t h e  "zone of e r r o r " .  The c i r -  

c u i t  t o  b e  used  is shown i n  F i g u r e  16B. The  

v o l t m e t e r  c o n n e c t i o n s  and t h e  c o r r e s p o n d i n g  

p a r a m e t e r s  r e a d  by t h e  v o l t m e t e r  a r e :  

Vo l tme te r  Connec t ions  Reading 

1-2 
1-3 
4-5 
3-2 
1-5 

The v o l t m e t e r  c o n n e c t i o n s  w i l l  be  changed t h r o u g h  

a two-pole ,  f i v e - p o s i t i o n  r o t a r y  s w i t c h .  
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4 . 2  V a r i a b l e  Impedance Sensor  

Q-meter t e s t i n g  was c o n c l u d e d  on the pancake-  

c o i l  va r i ab le - impedance  s e n s o r .  I n  a d d i t i o n  t o  

ob t a i n i n g t h e  i n d u c t  a nc e- d is t an  c e c h a r  a c t  e r  i s t i c s , 

e f f o r t s  were made t o  d e t e r m i n e :  

1. 

2 .  

3 .  

4 .  

System s e n s i t i v i t y  t o  s m a l l  c h a n g e s  i n  c o i l -  

d iaphragm d i s t a n c e ,  

System e r r o r  i n t r o d u c e d  by c o i l - d i a p h r a g m  

a n g u l a r  m i s a l i g n m e n t ,  

System r e s p o n s e  t o  c h a n g e s  i n  d iaphragm diameter  

and  

System e r r o r  i n t r o d u c e d  by c o i l - d i a p h r a g m  zero 

s p a c i n g  e r ror .  
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4 . 2 . 1  Test R e s  u 1 t s 

T y p i c a l  i n d u c t a n c e - d i s t a n c e  c u r v e s  u s i n g  d i a -  

phragms of v a r i o u s  r e s i s t i v i t i e s  and t h e  pancake- 

c o i l  d e s c r i b e d  i n  t h e  Second Q u a r t e r l y  Report 

(Refe rence  1) are shown i n  F i g u r e s  18 t h r o u g h  20. 

C o i l  - diaphragm d i s t a n c e s  of up t o  0 .070  i n c h  

are shown. For greater d i s t a n c e s ,  t h e  c u r v e s  

t e n d  t o  f l a t t e n  o u t  and approach an  i n d u c t a n c e  

v a l u e  of 4 m i c r o h e n r i e s  a t  0 . 2  i n c h ,  i ndependen t  

of d iaphragm m a t e r i a l .  I t  a p p e a r s  t h a t  t h e  s k i n  

d e p t h  change  w i t h  r e s i s t i v i t y ,  upon which t h e  

a n a l y t i c a l  model of t h e  v a r i a b l e  impedance d e v i c e  

is b a s e d ,  is a minimal  e f f e c t .  The re  is no d e f i -  

n i t e  d i s p l a c e m e n t  of t h e  c u r v e s  w i t h  i n c r e a s i n g  

r e s i s t i v i t y .  To a s c e r t a i n  whe the r  t h e  r e s u l t s  

might re f lec t  i n s t r u m e n t a t i o n  and s e t - u p  errors,  

known s p a c i n g  and a l i g n m e n t  errors were i n t r o -  

duced i n  l a t e r  tests w i t h  t h e  f o l l o w i n g  r e s u l t s .  

Pancake -co i l  r e s p o n s e  t o  c h a n g e s  of 0 .0001  

inch  ( 5  p e r c e n t  of a n  assumed t o t a l  d iaphragm 

t r a v e l  of 0 . 0 0 2  i n c h )  i n  c o i l  - diaphragm 
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d i s t a n c e  was measured ,  T e s t s  r u n  a t  d i s t a n c e s  of 

0 . 0 1 0 ,  0 . 0 3 0 ,  and 0.060 i n c h  showed a change  of 

l e s s  t h a n  1 p e r c e n t  i n  t h e  measured i n d u c t a n c e .  

T h i s  p e r c e n t a g e  change was independen t  of dia- 

phragm material ,  t h i c k n e s s  and diameter. I t  

t h e r e f o r e  a p p e a r s  t ha t  t h e  sys t em is r e l a t i v e l y  

i n s e n s i t i v e  t o  smal l  changes  i n  s p a c i n g .  

Spot  c h e c k s  made on t h e  e f f e c t  of c o i l  - 
diaphragm a n g u l a r  misa l ignment  showed i n d u c t a n c e  

changes  of 2-3 p e r c e n t  for an  a l ignmen t  e r r o r  of  

1 d e g r e e .  However, a 1 degree e r r o r  is e a s i l y  

n o t e d  by v i s u a l  o b s e r v a t i o n  and t h e  normal  exper -  

i m e n t a l  r u n  is made wi th  e r r o r s  w e l l  below t h i s  

1 d e g r e e  v a l u e .  I t  t h e r e f o r e  a p p e a r s  t h a t  m i s -  

a l i gnmen t  is n o t  a cause  of t h e  i n c o n c l u s i v e  

r e s u l t s  of F i g u r e s  18 t h r o u g h  20. 

T e s t s  conduc ted  u s i n g  1, 1-1/2 and 2 i n c h  

d i a m e t e r  d iaphragms of c o p p e r ,  c u p r o n i c k e l ,  

monel, and K-monel f a i l e d  t o  y i e l d  any c o n s i s t e n t  

i n d u c t a n c e  change  with diaphragm diameter. 

materials r e p r e s e n t  a r a n g e  of r e s i s t i v i t i e s  

These  
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c o r r e s p o n d i n g  t o  t h e  v a l u e s  e x p e c t e d  i n  o p e r a t i n g  

a r e f r a c t o r y  a l l o y  u p  t o  180O0F. 

Us ing  a d i a l  i n d i c a t o r  t o  a s c e r t a i n  t h e  c o i l -  

diaphragm zero s p a c i n g ,  it was p o s s i b l e  t o  r e p r o d u c e  

t h e  z e r o  s p a c i n g  r e s u l t s  w i t h i n  5-15 p e r c e n t .  I t  

s h o u l d  b e r e m e m b e r e d t h a t  a l t h o u g h  t h e  a c t u a l  zero 

s p a c i n g  may b e  d e t e r m i n e d  t o  b e t t e r  t h a n  0.001 

i n c h  w i t h  t h e  d i a l  i n d i c a t o r ,  t h e  Q-meter is oper -  

a t i n g  w i t h  t h e  lowest p o s s i b l e  Q-value f o r  t h e  

p a n c a k e - c o i l .  T h i s  makes a r e l a t i v e l y  l a r g e  oper -  

a t o r  error q u i t e  p o s s i b l e .  I t  is fe l t  t h a t  t h i s  

d i f f i c u l t y  i n  r e a d i n g  t h e  Q-meter a t  v e r y  s m a l l  

c o i l  - diaphragm d i s t a n c e s  is t h e  most l i k e l y  c a u s e  

of t h e  i n c o n c l u s i v e  r e s u l t s  c o n c e r n i n g  t h e  r e p r o -  

d u c i b i l i t y  of t h e  i n d u c t i o n  a t  zero s p a c i n g .  
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5 .0  E lec t r i ca l  Te rmina l  

One of  a g r o u p  of t e r m i n a l s  o r d e r e d  f o r  i n c l u -  

s i o n  i n  t h e  test program has been  s u b j e c t e d  t o  a 

series of l i f e  tests. The t es t  c o n f i g u r a t i o n  is 

shown i n  F i g u r e  2 1 .  T h r e e  c o n s e c u t i v e  t es t s  

were pe r fo rmed  w i t h  t h e  f o l l o w i n g  p a r a m e t e r s :  

400 h o u r s ,  1800°F, 300 p s i a  p r e s s u r i z a t i o n .  

400 h o u r s ,  1800°F, 600 p s i a  p r e s s u r i z a t i o n .  

400 h o u r s ,  1800°F,  1000 psia  p r e s s u r i z a t i o n .  

N o  e lec t r ica l  breakdown or m e c h a n i c a l  f a i l u r e  

( l e a k a g e )  was o b s e r v e d .  Ohmmeter r e a d i n g s  t a k e n  

be tween t h e  e l e c t r i c a l  f e e d - t h r o u g h  t e r m i n a l  and 

ground r ema ined  f a i r l y  c o n s t a n t  a t  9-11 ki lo-ohms 

t h r o u g h  t h e  300 and 600 psia  tests. A s t e a d y  

i n c r e a s e  i n  res is tance from 1 0  t o  25 k i lo-ohms 

was o b s e r v e d  d u r i n g  t h e  1000 p s i a  t e s t .  The 

c o l d  r e s i s t a n c e  v a l u e  is 80 k i lo-ohms.  Because  

of t h e  r e l a t i v e  s c a r c i t y  of t e r m i n a l s ,  t h e  l i f e  

test t e r m i n a l  w i l l  n o t  be d i s s e c t e d  f o r  examina- 

t i o n  i m m e d i a t e l y  but w i l l  be used  f o r  p o s s i b l e  f u t u r e  

t e s t i n g  ( i n c l u d i n g  an  i n t e r n a l  p r e s s u r i z a t i o n  

t e s t ) .  
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I t  is  e x p e c t e d  t h a t  a n o t h e r  t e r m i n a l  w i l l  b e  s u b j e c t e d  

t o  t h e  l i f e  tes t  p r o c e d u r e  t o  c o r r o b o r a t e  t h e  r e s u l t s .  
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6.0 Vacuum T e s t  F a c i l i t y  

T e s t  e x p e r i e n c e  on t h e  f a c i l i t y  i n d i c a t e s  t h e  

d e s i r a b i l i t y  of b e i n g  a b l e  t o  opera te  i n d i v i d u a l  

tes t  chambers  independen t  of t h e  f a c i l i t y  i t s e l f .  

T h i s  need  is e x e m p l i f i e d  by t h e  emitter a c t i v a t i o n  

of t h e  t h e r m i o n i c  device .  I t  is n e c e s s a r y  t o  per- 

f o r m  a c t i v a t i o n  on a c o n t i n u o u s  b a s i s  a t  a pres- 

s u r e  below T o r r .  T h i s  vacuum is imposs ib le  

t o  m a i n t a i n  when a t e s t  is s t a r t ed  i n  one  of t h e  

o t h e r  chambers .  The i n i t i a l  o u t g a s s i n g  r a i se s  

t h e  p r e s s u r e  t o  t h e  p o i n t  where i t  w a s  n e c e s s a r y  

t o  s h u t  down t h e  t h e r m i o n i c  t es t .  To remedy 

t h i s  d i f f i c u l t y ,  i n d i v i d u a l  i o n  t y p e  pumps (5  

l i t e r s  per s e c o n d )  have been  f i t t e d  t o  t h e  two 

end  tes t  chambers .  An i n s t a l l a t i o n  is shown i n  

F i g u r e  2 2 .  I t  is  now p o s s i b l e  t o  operate  these  

chambers  v a l v e d  o f f  f rom t h e  f a c i l i t y  m a n i f o l d .  

The rmion ic  d e v i c e  t e s t i n g  is b e i n g  performed 

i n  o n e  of t h e s e  chambers .  
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L i q u i d  Po t  ass iuIm Comyat i b i  1 i t  y 

Design c o n f i g u r a t i o n s  have  been  co::1pl e t e d  ioL- 

po tas s ium c o m p a t i b i l i t y  t e s t i n g  of t h e  p r e s s u r e  

capsules  and t h e  e l e c t r i c a l  t e r m i n a l s .  F i g u r e <  

2 3  t h r o u g h  2 5  show t,he d e s i g n s .  To  e x p e d i t e  

f a b r i c a t i o n  of  t h e  t e s t  d e v i c e s ,  o n l y  one  convolu-  

t i o n  w i l l  b e  used  i n  the p r e s s u r e  capsules  and 

there w i l l  be  no con ta inmen t  h o u s i n g  around t h e  

capsu le s .  The re  w i l l  b e  a yoke a r r angemen t  t o  

ac t  as a m e c h a n i c a l  s t o p  a g a i n s t  e x c e s s i v e  d i s -  

placement  and s u b s e q u e n t  f a i l u r e  of  t h e  d iaphragm 

d i s c .  

F i g u r e  2 3  shows t h e  d e s i g n  f o r  t h e  columbium 

and t a n t a l u m  a l l o y  c a p s u l e s  (FS-85, C-l29Y, T-222).  

The two-piece yoke and p o t a s s i u m  c o n t a i n m e n t  t u b e  

are  made of FS-85 a l l o y .  

F i g u r e  24 shows t h e  d e s i g n  r e l a t e d  t o  t h e  

W-25Re a l l o y  c a p s u l e  ( s p a r k  d i s c h a r g e  machined 

d i s c s )  and u t i l i z e s  Mo-5ORe t u b i n g  as a t r a n -  

s i t i o n  be tween the W-25Re c a p s u l e  and t h e  molyb- 

denum yoke a n d  TZM p o t a s s i u m  c o n t a i n m e n t  t u b e  
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A M o - 5 O R e  r i n g  is a l s o  used  a s  a weld i n s e r t  

be tween t h e  thermocouple  w e l l  and t h e  p o t a s s i u m  

c o n t a i n m e n t  t u b e .  

F i g u r e  25  shows t h e  e l e c t r i c a l  t e r m i n a l  tes t  

c o n f i g u r a t i o n .  I t  i s  i n t e n d e d  t o  u s e  a f i x t u r e  

c a p a b l e  of a c c e p t i n g  f o u r  t e r m i n a l s  f o r  t e s t .  

S i n c e  t h e  e lec t ron-beam w e l d i n g  of t h e  t e r m i n a l  

cap is done i n  a vacuum of abou t  l o v 4  T o r r ,  

z i r c o n i u m  h a s  been  i n s e r t e d  i n  t h e  t e r m i n a l  

a s sembly  t o  act  as  a n  oxygen g e t t e r .  P r i o r  t o  

t h e  a c t u a l  p r e p a r a t i o n  o f  t h e  c o m p a t i b i l i t y  

d e v i c e s ,  mock-ups are  b e i n g  prepared f o r  dummy 

r u n s  t o  e s t a b l i s h  p r o c e d u r e s  for p o t a s s i u m  

c h a r g i n g  and c a p s u l e  c l o s u r e  ( e l ec t ron -beam 

w e l d i n g  t h e  thermocouple  w e l l  t o  t h e  c o n t a i n -  

ment t u b e ) .  

C a l c u l a t i o n s  i n d i c a t e  t h a t  e a c h  d e v i c e  w i l l  

be c h a r g e d  w i t h  0 . 2 3  c u b i c  i n c h  of l i q u i d  p o t a s -  

s i u m  a t  room t e m p e r a t u r e .  When t h e  t e m p e r a t u r e  

of t h e  two-phase i n t e r f a c e  is r a i s e d  t o  2300°F 

t o  e s t a b l i s h  a vapor p r e s s u r e  of 300 ps i a ,  t h e  
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level  W i l l  r i s e .  Due t o  t h e  f a c t  t h a t  t h e  i n t e r -  

n a l  volumes of t h e  r e s p e c t i v e  d e v i c e s  below t h e  

f r e e z i n g  l e v e l  of t h e  p o t a s s i u m  c h a r g e  are  n o t  

e x a c t l y  e q u a l ,  t h e  l e v e l s  w i l l  r i s e  abou t  1 /2  

and 3/4 i n c h  f o r  t h e  two d e v i c e s .  I n  any  e v e n t ,  

d u r i n g  o p e r a t i o n ,  t h e  the rmocoup le  w i l l  be s u f f i -  

c i e n t l y  above  t h e  l i q u i d - g a s  i n t e r f a c e  t o  e n s u r e  

p r o p e r  measurements .  

The tes t  p a r t s  t h e m s e l v e s  w i l l  be  m a i n t a i n e d  

a t  1800°F and m o n i t o r e d  b y  py romet ry  t h r o u g h  t h e  

test  chamber v i ewing  window. 

Des ign  work is c u r r e n t l y  i n  p r o g r e s s  t o  modify 

t h e  i n t e r i o r  of t h e  t e s t  chamber t o  accept t h e  

a u x i l i a r y  h e a t e r  and  h e a t  s h i e l d s  needed t o  ra i se  

t h e  i n t e r f a c e  t e m p e r a t u r e .  
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6 . 2  Diaphragm D e f l e c t  i o n  Measurement 

Dur ing  t h e  r e p o r t  p e r i o d ,  work on d e f l e c t i o n  

measurement  was c o n c e n t r a t e d  i n  t w o  areas .  One 

i n v o l v e d  t e c h n i q u e s  f o r  mark ing  t h e  c a p s u l e  p a r t s ;  

t h e  o t h e r  c o n c e r n e d  p r o c e d u r e s  f o r  o b t a i n i n g  and 

p r o c e s s i n g  t h e  p h o t o s  and  e x t r a c t i n g  t h e  d a t a .  

Two methods of marking t h e  c a p s u l e s  were t r i e d ;  

t h e  u s e  o f  diamond i n d e n t o r s  f rom h a r d n e s s  t e s t i n g  

equipment  and  s u r f a c e  t r e a t i n g  w i t h  a commercial  

a b r a s i v e  u n i t  ( r e s u l t s  i n  a cratered s u r f a c e  w i t h  

h i g h  s p o t s  t h a t  r e f l e c t  i l l u m i n a t i o n ) .  Both tech- 

n i q u e s  p r o v i d e  more d i s t i n c t  and  r e c o g n i z a b l e  

c h a r a c t e r i s t i c s  t h a n  t h e  s c r i b e d  l i n e s  used  prev-  

i o u s l y .  The l a c k  of a d e q u a t e  space on t h e  c a p s u l e  

d i c t a t e d  t h e  u s e  o f  t h e  a b r a s i v e  s u r f a c e - t r e a t m e n t  

and t h i s  method h a s  b e e n  u s e d  e x c l u s i v e l y .  

Green l i g h t  i l l u m i n a t i o n  is d i r e c t e d  t h r o u g h  

one  o c u l a r  of a b i n o c u l a r  microscope (40X magni- 

f i c a t i o n )  i n t o  t h e  t e s t  chamber .  The camera is 

a t t a c h e d  t o  t h e  o t h e r  o c u l a r  s y s t e m .  The f i n a l  

r e a d i n g s  are t a k e n  from t h e  d e v e l o p e d  p l a t e s  on 
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a shadowgraph i n s t r u m e n t  c a p a b l e  of a n  a c c u r a c y  

of 0 . 0 0 0 1  i n c h .  S i n c e  t h e  camera s y s t e m  o p e r a t e s  

a t  40X m a g n i f i c a t i o n ,  t h i s  i n s t r u m e n t  a c c u r a c y  

c o r r e s p o n d s  t o  a mark ing  d i s t a n c e  of 2 . 5  micro- 

i n c h e s .  A t y p i c a l  p l a t e  is shown i n  F i g u r e  26,  

The p l a t e s  are set i n  t h e  shadowgraph s o  t h a t  

r e a d i n g s  of t h e  r e f e r e n c e  mark ing  d i s t a n c e  are 

r e p e a t e d  f rom p l a t e  t o  p l a t e .  From t h i s  b a s e ,  

measurements  are t a k e n  on t h e  d e f l e c t i o n  mark ing  

d i s t a n c e .  

E x p e r i e n c e  h a s  shown t h a t  t h e  d e f l e c t i o n  

data o b t a i n e d  be tween  two c a p s u l e  mark ing  p o i n t s  

can b e  r e a d  on t h e  shadowgraph w i t h  a s p r e a d  of 

less t h a n  0 . 0 0 1  i n c h  (+ - 1 2 . 5  m i c r o i n c h e s  a c t u a l  

d i s t a n c e )  between t h e  h i g h  and low r e a d i n g s  i n  

a set  of t e n .  T h i s  is w e l l  below t h e  o r i g i n a l  

d e s i r e d  a c c u r a c y  o f  m + 20 m i c r o i n c h e s ,  S t a t i s -  

t i c a l  t r e a t m e n t  of t h e  d a t a ,  which g i v e s  less 

weight  t o  r e a d i n g s  a t  t h e  extremes, would r e s u l t  

i n  b e t t e r  a c c u r a c y .  S i n c e  d a t a  o b t a i n e d  f rom 

any f i v e  r e a d i n g s  i n  t h e  s e t  c o u l d  n o t  be more 
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i n a c c u r a t e  t h a n  t h a t  o b t a i n e d  from t e n ,  i t  was 

decided t o  lower t h e  number of r e a d i n g s  u s e d  t o  

o b t a i n  an  a v e r a g e  from t e n  t o  f i v e .  T h i s  h a s  

c o n s i d e r a b l y  s p e e d e d  up t h e  data  g a t h e r i n g  

p r o c e s s .  
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FS-85 Pressure-Def l e c t i o n ;  500°F 
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FS-85 Pressure-Def lect i o n ;  1000°F 

0 



PRESSURE (Pam) 
Figure  4 

FS-85 Pressure-Def l e c t i o n ;  1400'F 
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F i g u r e  5 

FS-85 Pressure-Def lect i o n ;  1800°F 

- 36- 



PRESSURE ( P s \ A )  

Figure 6 

W-25Re Pressure-Def lect ion;  Room Temperature 
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Figure  8 

W-25Re Pressure-Def l e c t i o n ;  1000°F 
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Figure 10 

W-25Re Pressure-Def l e c t i o n ;  1400°F 
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Figure 11 

W-25Re Pressure-Deflection; 1600°F 
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Dual E m i t t e r  Test D e v i c e ;  Vacuum Chamber I n s t a l l a t i o n  
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Figure  19 

Induct ance-Dist  ance Char act er ist ics ; Cupronickel Diaphragm 
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Figure 20 

Inductance-Distance Character is t ics ;  FS-85, Monel and K-Monel Diaphragms 
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Figure 23 

Compatibility Test Design f o r  Columbium and Tantalum Capsules 
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F i g u r e  24 

Compatibility Test D e s i g n  f o r  W-25Re Capsule 
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APPENDIX A 

NOMENCLATURE 

Radius of i n d i v i d u a l  t u r n  of pancake c o i l  

Thermionic c o n s t a n t ,  120 amperes/cm2 

Area of c a p a c i t o r  p l a t e  

Thermionic e m i t t e r  a r e a  

Thermionic cons t an t  

Capaci tance between pancake co i l  and diaphragm 

Transmission l i n e  capac i t ance  

Thermionic emitter-collector d i s t a n c e  

Thermionic emitter - p r e s s u r e  a c t u a t e d  
c o l l e c t o r  d i s t a n c e  

Pancake co i l  - diaphragm d i s t a n c e  

Thermionic e m i t t e r - r e f e r e n c e  collector 
d i s t a n c e  

E l e c t r o n i c  charge  (1.6 X l O - l 9  coulomb) 

Input  vo l tage  t o  impedance br idge  

Output vo l t age  of impedance br idge  

Frequency 

Fineness  of d e t a i l  of ob jec t ive  l e n s  

Thermionic collector Fermi l e v e l  energy 
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NOMENCLATURE (cont  ' d )  

*Le 

ct 

Hn 

HO 

HZ 

Hf 
i a  

i o  

i r  

I 

I C  

IS 

Thermionic emitter Fermi l e v e l  energy 

Transmission l i n e  conductance 

To ta l  a x i a l  induct ion  f i e l d  r e l a t e d  t o  nth 
t u r n  of pancake c o i l  

Induct ion  f i e l d  a t  c e n t e r  of conductor loop 

Axia l  induct ion  f i e l d  component ( c y l i n d r i c a l  
coord ina te s )  

R a d i a l  i nduc t ion  f i e l d  component ( c y l i n d r i c a l  
coord ina te s  

Thermionic a c t i v e  collector c u r r e n t  

Pancake c o i l  loop c u r r e n t  

Thermionic r e fe rence  collector c u r r e n t  

Thermionic c u r r e n t  dens i ty  

E l l i p t i c  i n t e g r a l s  related t o  pancake c o i l  

E l l i p t i c  i n t e g r a l s  related t o  image c o i l  

Current  dens i ty  for  c r i t i c a l  thermionic 
emitter 

S a t u r a t i o n  emission c a p a b i l i t y  of a s u r f a c e  
( cu r ren t  dens i ty )  

The Boltzmann Constant (1.38 X joule/deg.K) 
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n r  

N 

N.A. 

r i  

r0 

R t  

S 

S 

s b  

t 

T 

TC 

V 

VC 

NOMENCLATURE (con t  ' d )  

Pancake c o i l  inductance  

Transmission l i n e  inductance  

Indexing parameter 

Index of r e f r a c t i o n  

Number of t u r n s  i n  pancake c o i l  

Numerical a p e r t u r e  of o b j e c t i v e  l e n s  

Inne r  r a d i u s  of c o a x i a l  cable 

Outer  r a d i u s  of c o a x i a l  cable 

Transmission l i n e  r e s i s t a n c e  

Dis tance  along t r ansmiss ion  l i n e  from 
t h e  i n p u t  end 

Transmission l i n e  length  

Bar tbe rge r  f a c t o r  

Time 

Temper a t  ure 

C r i t i c a l  emitter tempera ture  above which 
space  charge occur s  

Voltage app l i ed  t o  thermionic  c o l l e c t o r  

E f f e c t i v e  e m i t t e r - c o l l e c t o r  p o t e n t i a l  
d i f f e r e n c e  



NOMENCLATURE (cont 'd) 

Ve 

Vm 

Vt 

XC 

Xe 

ZO 

d 

P 
Y 
5 
4 

Potential due to thermionic space charge 
effect 

Voltage generated in individual turn of 
pancake coil 

Total voltage generated in pancake coil 

Distance from collector to maximum space 
charge 

Distance from emitter to maximum space 
charge 

Pancake coil reactance 

Spacing between pancake and image coils 

Input impedance of transmission line 

Terminating load impedance of transmission 
line 

Characteristic impedance of transmission 
line 

Transmission line attenuation constant 

Transmission line phase constant 

Transmission line propagation constant 

Skin depth in a medium 

Skin depth at which field becomes neglible 
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€ 
E, 

NOMENCLATURE (cont’d) 

Dielectric constant of medium = 

Dielectric constant of vacuum ( 8 . 8 5 4  X 
f arad/meter) 

Relative dielectric constant of medium 

Wavelength in medium 

Wavelength of illuminating light 

Wavelength in vacuum 

Permeability of medium = 

Permeability of vacuum (1.257 X 
henry/meter) 

Relative permeability of medium 

Half-angle subtended by objective lens 

3.1416 

Resistivity of material 

Conduc t iv it y of materia 1 

Thermionic work factor 

Thermionic collector work function 

Thermionic emitter work function 

Flux linked by individual turn of pancake 
coil 
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NOMENCLATURE (cont  ' d) 

cc) Angular frequency - 2n'f 

( x , y , z )  Cartes ian coord inates  

( ,d,z) C y l i n d r i c a l  coord inates  

(r,+,d) Spher ica l  coord inates  
P 

- 64- 


